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Peptide YY: intrapancreatic localization and effects on insulin 
and glucagon secretion in the mouse. 

Bottcher G, Ahren B, Limdquist 1, Siindler F. 

Department of Medical Cell Research, Lund University, Sweden. 

We studied the intrapancreatic localization of peptide YY (PYY) and the 
effects of PYY on insulin and glucagon secretion in the mouse, 
immunofluorescence staining of mouse pancreatic tissue showed that PYY 
occurred within islet cells. These cells were located preferentially at the 
periphery of the islets. Sequential and simultaneous double immunostaining 
revealed that most PYY cells also displayed glucagon immunoreactivity; some 
PYY cells contained immunoreactive pancreatic polypeptide (PP). At the 
eiectromicroscopic level, PYY immunoreactivity was demonstrated within the 
secretory granules of both glucagon cells and of a small granular cell type, 
which showed structural similarities to PP cells. In in vivo experiments, PYY 
at dose levels between 0.53 and 8.5 nmol/kg had no influence on basal plasma 
levels of insulin, glucagon, or glucose. In contrast, insulin secretion stimulated 
by glucose or the cholinergic agonist carbachol was inhibited by PYY (by 33 
and 26%, respectively, at 4.25 nmol/kg). Similarly, carbachol-induced 
glucagon secretion was inhibited by PYY (by 47% at 4.25 nmol/kg). We 
conclude that PYY occurs in islet cells of die mouse pancreas, most of which 
are glucagon cells, and that PYY inhibits stimulated insulin ajid glucagon 
secretion in vivo in the mouse, 

PMID: 2660131 [PubMed - indexed for MEDLINE] 
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Adjuvant hormonal treatment with peptide Y Y or its analog 
decreases human pancreatic carcinoma growth* 

Liu CD, Rongione AJ, Garvey L, Balasubramaniam A, McFadden DW. 

Department of Surgery, UCLA Center for Health Sciences, USA. 

BACKGROUND: Recent studies have revealed decreased pancreatic cancer 
cell growth upon administration of peptide YY (PYY). We examined whether 
adjuvant treatment with PYY or its synthetic analog, BIM-43004, would 
decrease human pancreatic adenocarcinoma growth. MATERIALS AND 
METHODS: Human pancreatic ductal adenocarcinomas, MiaPaCa-2 and 
BxPC-3, were cultured and assessed for growth by MTT assay. Pancreatic 
cancer cells received 500 pmol of PYY or BIM-43004 for 24 hours prior to 5- 
fluorouracil (5-FU; 10 micrograms/mL) and leucovorin (40 micrograms/mL) 
administration. Cell membrane epidermal growth factor (EOF) receptors were 
analyzed by Western blotting after exposure to peptides and chemotherapy. 
RESULTS: Cancer cell growth was reduced in all groups receiving hormonal 
pretreatment (23% PYY/5-FU/leucovorin versus control; 27% BIM-43004/5- 
hU/leucovorin versus control) as compared with groups receiving 5-FU and 
leucovorin only (16% versus control). The EGF receptor expression was 
reduced by 30% in cells treated with P YY/5-FU/leLicovorin and by 45% in 
cells treated with BfM/S-FU/lcucovorin as compared with control cells 
without treatment. CONCLUSION: Human pancreatic cancer cell growth is 
further decreased when pretreated with PYY or its synthetic analog prior to 
chemotherapy. 

PMID: 8554139 [PubMed - indexed for MEDLINE] 
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Characterization of two novel proabsorptive peptide YY analogs, 
BIM-43073D and B1M-43004C. 

Services Litvak DA, Iseki H, Evers BM, Greeley GH Jr, Hellmich MR, Iwase K, 

Si'S^or ^ Balasubramaniam A, Townsend CM Jr. 

Department of Surgery, The University of Texas Medical Branch, Galveston 
f,.iMht.or 77555-0527, USA. 
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Effective clinical therapy to augment intestinal absorption of water and 
electrolytes does not exist; the gut hormone, peptide YY (PYY), is a potent 
proabsorptive agent in animal models. The purpose of our study was to 
i ii^ ^^r Oou^t.ci ti:, evaluate the effects of two novel PYY analogs, BIM-43073D and BIM- 

Gn^iofui M(iH 43004C, on intestinal absorption. Dogs with ileal Thiry-Vella fistulae (TVF) 

r:|vn:>umftr He ^!:h ^^^^ ^^^^^^^ ^^-^^ ^^^^^^ py y BIM-43073D, or BTM-43004C. Administration 

rjinicriiTriiiis c'ov of BIM-43073D significantly increased water and sodmm absorption over 

baseline and maintained this level of increa*>ed absorption for a longer 
duration than an cquimolar dose of PYY. Administration of BIM-43004C 

>viv^K:y Policy significantly increased sodium and water absorption over baseline at a level 

equal to that of PYY. The novel PYY analogs, B1M-43073D and BIM- 
43004C, are effective proabsorptive agents with BIM-43073D producing more 
sustained effects than PYY. These compounds may be clinically useful in the 
treatment of gut malabsorption in conditions such as cholera, Crohn's disease, 
and the short-bowel syndrome. 

PMID: 10080163 [PubMed - indexed for MEDLINE] 
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Intraluminal peptide YY induces colonic absorption in vivo. 

Liu CD, Newton TR, Zinncr IVIJ, Ashley SW, McFadden DW, 

Department of Surgery^ UCLA Center for the Health Sciences and Sepulveda 
Veterans Administration Medical Center, Los Angeles, California, USA. 

INTRODUCTION: Peptide YY (PYY) is a 36 amino acid hormone released 
into the circulation and lumen of the intestine after a meal. Previous studies 
have shown that exogenous administration of intravenous PYY stimulates 
water and electrolyte absorption in both the small and large intestines. The 
purpose of this study was to examine the effects of intraluminal administration 
of PYY on colonic absorption of electrolytes and water. METHODS: Six 
conditioned 25-kg dogs had 20 cm of colonic Thiry-Vella fistulae surgically 
constructed under general anesthesia. After a two-week recovery period, the 
animals received intraluminal PYY at 600 pmol/kg/hour after a 90-minute 
steady-state basal period. The Thiry-Vella fistulae were perfused with an 
isotonic buffer solution containing [14C]polyethylene glycol as a volume 
marker. Ion and water transport were measured every 1 5 minutes. RESULTS: 
On intraluminal infusion of PYY, increased absorption of water, sodium, and 
chloride was observed in the colon, A twofold increase in absorption rates 
occurred compared with basal rates lasting more than one hour after cessation 
of intraluminal PYY (N = 6; P < 0.05 vs. basal by analysis of variance). 
CONCLUSION: PYY-secreting cells of the colon may contribute to the 
regulation of absorption after a meal. Exogenous administration of 
intraluminal PYY may also be a therapeutic treatment modality for 
malabsorption, 

PMID: 9106700 [PubMed - indexed for MRDLINE] 
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Peptide YY is a physiological regulator of water and electrolyte 
absorption in the canine small bowel in vivo. 

Bilchlk AJ, Hines OJ, Adrian TE, IVIcFadden DW, Berger JJ, Zinner MJ, 
Ashley SW. 

Department of Surgery, UCLA School of Medicine. 

BACKGROUND: Peptide YY (PYY), a hormone released following a meal, 
is one potential mediator of intestinal absorption. Although PYY inhibits 5'- 
cyclic adenosine monophosphate (cAMP)-stimulated small intestinal secretion 
in vitro, its effects on fluid and electrolyte transport in vivo are unknown. 
METHODS: This study examines the effects of physiological doses of PYY in 
dogs (n = 6) with jejunal and ileal exteriorized, neurovascularly intact 
intestinal loops (Thiry-Vella fistulas). RESULTS: Plasma PYY levels 
increased after a meal from 155 +/- 15 to 324 +/- 26 pmol/L at 30 minutes and 
remained elevated for 2 hours. PYY infused intravenously in unfed animals at 
25, 50, 100, and 200 pmol. kg- Lh-1, produced a dose-dependent increase in 
plasma PYY levels. At 100 pmol.kg-l.h-1, PYY plasma concentrations were 
similar to those of fed animals (317 +/- 39 pmol/L). PYY infusion resulted in 
a dose-dependent increase in water and electrolyte absorption at all doses in 
both the jejunum and ileum. Although the relative increase in absorption was 
similar, the magnitude was greater in the ileum. CONCLUSIONS: 
Physiological concentrations of PYY produced an increase in small bowel 
absorption of water and electrolytes in vivo. The postprandial release of PYY 
may mediate the increase in absorption following a meal. Such a 
proabsorptive agent may have considerable potential for clinical use in 
malabsorptive states, 

PMID: S224646 [PubMed - indexed for MEDLINE] 
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Differential effects of peptide YY, neuropeptide Y, and sigma 
ligands on neurally stimulated external pancreatic secretion in 
the rat. 

Nagain C, Chariot J, Roze C. 

INSERM U410, Facultc dc Medecine X. Bichat, Paris, France. 

The endocrine peptide YY (PYY) inhibits pancreatic secretion in animals and 
in man through indirect pathways. Neuropeptide Y (NPY), whose chemical 
structure is very close, displays similar effects. Recently, sigma ligands were 
shown to produce in vivo several neural pharmacologic effects that seemed 
indistinguishable from those of NPY. This might occur by interaction with the 
same (or closely related) receptors or by activation of a common final 
pathway. The purpose of the present work was to test whether PYY, NPY, and 
sigma agonists also display closely related activities on pancreatic secretion. 
The sigma ligands (4-)-N-allyl normetazocine (d-NANM) and di(ortho-tolyl) 
guanidine (DTG) were used. Pancreatic secretion was stimulated by the 
centrally acting agent 2-deoxyglucose (2DG) in anesthetized rats. The rats 
were also administered either an infusion of peptide (PYY: 25-250 pmol/kg/li, 
NPY: 75-750 pmol/kg/h), continued for 2 h, or a bolus injection of d-NANM 
(3 mg/kg) or DTG (1 mg/kg). In antagonist experiments, the dopamine and 
sigma antagonist haloperidol (1 mg/kg, i,v.), the adrenoceptor antagonists 
idazoxan (0.3 mg/kg, s.c), prazosin (0.5 mg/kg, sx.), propranolol (1 mg/kg, 
s.c.) and the opiate receptor antagonist naloxone (1 mg/kg, s.c.) were injected, 
5 min before the peptide infusion had begun. Neither PYY nor NPY changed 
basal pancreatic secretion. PYY and NPY produced a dose-related inhibition 
of 2DG-stimulated pancreatic secretion. The observed inhibition after 250 
pmol/kg/h of PYY was volume, 78% (p < 0.01); bicarbonate, 84% (p < 0.01); 
protein, 78% (p < 0.01); whereas the physiologically relevant dose of 25 
pmol/kg/h induced approximately 30% inhibition of these variables. 
(ABSTRACT TRUNCATED AT 250 WORDS) 

PMID: 7716135 [PubMed - indexed for MEDLINE] 
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Peptide YY inhibits vasopressin-stimulated chloride 
secretion in inner medullary collecting duct ceils 



CflRISTOPHFR M. BRREN. PETER J. MANNON, AND BRUCE A. BEWAMIN 
Dcpc\rtmcnt of Cell Di()h?gy. Duke University Medical Center find Division of Castroc/uvix/lu^y. 
Dcpcirnner/c of Veterans Affairs Mcdiail Genre/: Durham, Nortii CaroJina 27710: c)/)d Depattment 
of Pharmacology and Physiology. OklaJionia State Univei^iry. College of Osteopathic Medicine, 
i'ulsa. OJcla/toma 74107^ 



Breen, Christopher M., Peter J. Mannon, and Bruce 
A. Benjamhi. F^optido YY inKibils viisopressiri-sLlmulated 
i;hl(nitli^ set.roiion in inntrr itiedtillarv collect ing duel cells. 
.AfiK ,/ Pliyaiol. 273 {Renal Physiol. ^\)\ F^52-F157. 1998. 
niIMCD-k2 cells Hi e derived from the inner medullary coll cct- 
iiij^ dvK t of mouse and exhibit clccirogcnic sodium abiiurp- 
t.inn and cAMH- and vasopn^i^in (AVP) -stimulated electrogenic 
chloride secretion IN. L. Ki/er. B. Le\vli>. ynd B. A. Stanton. 
Am, J. Physiol, 2G8 [Remil Fluid Electrolyte Physiol. 37): 
1- J47-K:^55. 1995: and N, L. Kizer. D. Vandorpe. B." Lewis, B. 
Bunting, J. Russell, and B. A. Stanton. Am. J. Physiol. 268 
{Rtna! Fluid Elcctrolyre Physiol. 37): F854-F861. 19951. The 
purpose or l lu! pre.sent bUidy was Lo determine how peptide 
YY (PYY) cifTects electrogenic Na*- and CI" current in 
mIMCD-k2 cells. Short-circuit currents {I^) were mea.<;ured 
iicross monolayers of niIMCD-k2 r:ells mounted in Ussing- 
lype chambers. PYY did not alter b^iseline 1^^. nor did it alter 

in chloride-free conditions, indicating no effect on elfictro- 
gLiiic sotliutu tran<iport- Baseline thloride current in these 
cells is low; therefore, chloride short-circuit current {f^^ was 
'>iiTnuUued vvithAVP (10 nM) added to chc basolaceral surface 
aiul 10 pM amiluride added to the apical surface. Although 
apical applications of PYY had no ellect. basolateral applica- 
tion of PYY caused attenuation of 4-- with the maximal 
inhibitory dose (lOOnM) causing 5ii ± 1.3% inhibiMon (ICf.o = 
0.1 1 nM). Tub ibi Linn by PYY of fj^ is mediated through the Y^ 
tpceptoi .subtype, as PY^'-(3-36) was the only PYY analog 
(esied that caused inhibition and was ftquipotent to PYY. 
Inhibition by PYY of ^' was abolished following incubation 
with porlusiiis I ox in. We also show that PYY inhibits AVP- 
stiniulaietl cAMP accumulation, with a maximal inhibitory 
doiic {lOU nM) causing a 38% ± 6% inhibition (IC50 = 0.16 
nM). comparable to inhibition by PYY of f^. We conclude that 
PY\' acts ttirou^h either Gt or Go to inhibit adenylate cyclase 
activiiy. leading to a decrease in AVP-slimulated chloride 
current. 

short-circuit current: chloride secretion; arginine vasopres- 
sin; atlcnosint^ 3',5'-cyclic monophosphate 



PLPriuL; w (PYY) i.s a 36-cimino acid peptide first 
isolated from the porcine intestine (36). It has subse- 
quently been identified in the intpstinrtl mucosa of 
ileum, colon, and rectum in many species including 
human, dog. rat. and rabbit (13. 14. 22, 23. 25, 35-37). 
PYY has strong homology with both neuropeptide Y 
(NPY) and pancreatic polypeptide, with which it shares 
certain common receptors. 
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PYY is released into the circulation by the gut. 
primarily in response to feeding (30. 38). PYY-(3-36). 
which is a specific agonist for the Y2 receptor, appears to 
form a sii^niftcant amount of PYY circulating postpran- 
dially (17). Although most studies concerning the action 
of PYY have focused on the gastrointestinal system, 
both Y| and Yg receptors for PYY have been demon- 
strated in the kidney (8, 26, 34). Ohtomo et al. (28) have 
shown that the Y2-specific agonist NPY-(i3-36) stimu- 
lates Na *"-K *^-ATPase activity in the renal proximal 
tubule. PYY and NPY also affect renal vascular func- 
tion, with these effects being associated with the Yj 
receptor subtype (6, 26; C. A. Blaze. S. R. Vigna. P. J. 
Manrnm, A. R. Khcranl. and B. A, Benjamin, unpub- 
lished observations). These findings suggest that the 
gut may play a role in modulating renal function in the 
postprandial state. 

Preliminary studios in our lab demonstrated the 
presence of NPY/PYY receptors on renal epithelial 
mIMCD-k2 cells. These cells are derived from the 
initial segment of the mouse inner medullary collecting 
duct (IMCD) and exhibit cAMP- and vasopressin (AVP)- 
stimulated chloride secretion (20. 21). PYY receptors 
are coupled to cyclase inhibition and have been shown 
to inhibit cAMP-dependent chloride secretion (3. 10). 
The purpose of the present study was to determine the 
effect of PYY on basal and AVP-stimulated chloride 
secretion in mIMCD-k2 cells. Results from these stud- 
ies demonstrate that PYY inhibits AVP- and cAMP- 
stimuJated chloride secretion in the renal epithelial cell 
model, mIMCD-k2 cells. 

METHODS 

mlMCD-k2 cells were provided by Dr. B. A. Stanton. 

Cell culture. mlMCD-k2 cells were cultured in ti.ssue 
culture flasks coated with Vitrogen plating medium contain- 
ing human fibronectin (1 nig/niJ). 1% Vitrogen 100, and placed 
in an incubator maintained at 37*C and gassed with 5% 
CO2-9596 air. The cells were grown in DM KM supplemented 
with 1 nM aldosterone, 5% fetal bovine serum, 2 mM 
i.-glulaminc. 50 U/ml penicillin, and 50 pg/ml streptomycin. 
Medium was changed every 48 h. 

Fenneable supports. iTiIMCD-k2 cells were harvested from 
confluent culture flasks by trypsinization (0.05% in HBSS) 
and reseeded onto 24-min polycarbonate membranes (Cos- 
tar). The medium was changed every 48 h. Electrical resis- 
tance of cell monolayers was monitored using chopstick 
electrodes (EVOM). All experiments were performed on mem- 
briinesi frorn the soine iieeding. 

Measurement of short-circuit current. Short-circuit experi- 
ments were performed using membranes whose resistance 
was 400-800 il (4.7 cm^ growth area. 1.500 li crn^). a.s 



0363-6127/98 $5.00 Copyright C 1998 the American Physiological Sot:ioty 



Received ftom < RIgmFAX > at 11/27/01 6:39:56 PM [Eastern Standard Time] 



rHi'l lDH YY INHIBITS CHLORIDE SECRFTION 



F453 



inciLsurwi by cliopMick elecirocles. Sbort-circulT current {I^r) 
was measured by placing TransweLI membranes in an World 
Precision Instruments (WPIJ Ussing-type chamber. Voltage 
was chnnped lo 0 niV with a WPT DVC 1 000 voUaye clamp. 
Bath sulutiuns were maintained at 37°C. Solutions were 
circuJaU^d by ga.s lift u.sing 5% C02-95% air. Electrical ronncr- 
tiuns iruiii ball] lu voltage clamp were made with 3 M KCl-5% 
agar bridges and Ag-AgCl wires. Pusitive curt euL rupresents 
the net flow ol" rations from the apical to basuiateral bath 
solutions or the iicl lltJW of am ions IVom the basolateral to 
apical bath solutions. Current uiUput was digitijiccd by a 
MarLab analog-digital converter and stored on a Macintosli 
SE cumpuier 

Solutions. Most experiments were done using DM EM as 
the prrrlnsriWv I 'or r.blnri He- free experiments, the following 
solution was used: 2A mM NaUCO.^. 114 mM sodium isethio- 
nate. 3 mM KMCO:,. 2 mM MgSO^. 0.5 mM CaS04. 8 mM 
HEPES, i\nd 5 mM glucose, and adjusted Lo pH 7.4. In studies 
to determine chloride current. 50 pM aniiloride was added to 
the apical bath lo inhibit sodium channels. 

Fcrtu^h toxin ^t'n^>ii ivi(y. niIMCD-k2 inoiiulayers grown 
on permeable supports were incubated overnight in DM EM 
culture metllum containing 100 ng/ml pertussis toxin (P*TX). 
Membrc^nes were then placed iti the Ussirig chamber, and 
chloride secretion was stimulated by the addition ol 10 nM 
AVP under shori-circuit conditions. 

cAMPasstty. Cellular cAMP levels were determined using a 
nonradioactive cAMP assay kit (Amersham). Confluent mono- 
layers grown on permeable supports were preincu bated for 30 
min in 0.5 rriM IBMX in DMfLM prior to the addition of PYY 
(]0~^-lO"" M). FnMowing 5-min incubation with PYY. AVP 
(10 riM) was added. I 'allowing a 15-min incubation in the 
piescncc of AVP, the medium was removed. cAMP was 
extracted In two volumes of Ice-cold 65% ethanol. and the 
samples were then dried down in a vacuum oven prior to 
resuspension in assay buffer. 

Statist ICS and ci/iu lysis. Differences belweeri means were 
compared with Stutleni's MeSL or analysis of variance fol- 
lowed by Dunnott's inuU.iple comparisons test (dose-response 
data; Tnstat). Curve Iks were done using Graphpad Prism. AH 
data are means ± SK. 

Reagents All iM?ptides were purchased from Peninsula 
Laboratories. Arnilorido. forskolin, and aldosterone were all 
purcliased from Sigma Chemical. Sodiutn isethionate was 
purchased from Fluka Chemika. The sodium salt of 8-(4- 
chlorophenyUhio)-cAMP (8-CPT-cAMP) was purchased from 
Calhiochfiii Biuclieinit al.s. S-Nitro 2 {3 phcnylpropylamino) 
benzoic acid (NPPB) w^as purchased from Research Biochemi- 
cal International. 

RESULTS 

PYY effect on 4. PYY did not alter basal or in 
chloride-free conditloas (data not shown). Indicating no 
effect on active sodium transport. To stimulate chloride 
secretion. 10 nM AVP was added to the basolateral 
membrane, and i pM amiloride was added to the apical 
surface. Under these conditions. represents electro- 
genie chloride secretion (20. 21). Figure \A shows the 
stimulated chloride current: the response to AVP is 
biphasic. with an initial peak followed by a prolonged 
plateau phase (>30 min). NPPB. a chloride channel 
blocker added to the apical membrane, inhibits 7^,;, 
Indicating that the current was due to the activity of 
chloride channels. Figure 1 ^shows the effect of PYY on 
AVP-stimulated chloride secretion. After the plateau 
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Fig. 1 . A: representative !>hurt-circuit current {1^^) showing tlic olTect 
of 10 nM arglnine vasopressin (AVP) added to the basuiateral bath. 
Amiloride { 10 gM) was added to the apical bath to inhibit electrogenic 
Na"^ reJjbsorptitjn. 5-Nilrt>-2- (3 -phciiylpropylainino) benzoic acid 
(.MPPB. 100 pM). a chloride channel blocker, was added to the apical 
bath to inhibit chloride secretion. H. reprcscntativo cxpnrinifint 
showing PYY attenuation ofAVP-sttmuIated chloride secretion. PYY 
(10 nM) was added to the basolateral compartment. 

phase was reached, addition of PYY to the basolateral 
membrane caused an attenuation of 7^. Figure 2 shows 
the dose response for PYY inhibition of chloride cur- 
rent. This Inhibition was expressed as percent inhibi- 
tion of AVP-stimulated current, with 100% stimulation 
being the AVP plateau level minus the pre- AVP current. 
Maximal inhibitory doses of PYY (100 nM) caused a 

^=01 



I 40H 

1 30- 

I 20- 

^ 1CH 



-11 



-10 -9 



-8 



Log [PYY] 



Fig. 2. Inhibition of AVP-stimulated ^ by PYY as u lurxtion uf Iht: 
concentration of PYY Values are exprei>sed as percent inhibition, 
with 100% being the difference between At prior to AVP addition and 
the plateau value at the time of PYY addition. ECso -LI X 10"'" 
M. Additions ol 0. 1 mM PYY caused a significant decrease in chloride 
short-circuit current (@ {P < 0.05). Points are the average of 3 
experiments Z. SE. 
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52 ± 1.3% (mean * SF. // - 3) inhibition of AVP- 
stjmuUued thlondecun eni (IC.;t) = 0.1 1 nM). Additions 
of PYY > 0.1 nM caused a significant [F < 0.05) 
decrease In chloride shurl-tiicuit current (fj). To test 
whether order of peptide addition was important, mono- 
layers were treated with PYY (10 nM) for 5 min fol- 
lowed by addition of AVP. This did not significantly 
alter the magnitude nf inhibition by PYY of AVP- 
srlmulated Ci secretion; i.e., AVP sUmulaLion of chlo- 
ride current after exposure to PYY attained only 60% of 
the plateau value in ihc absence of PYY. Addition of 
PYY to the £ipical membrane did not alter J^c (data not 
shown). 

Agonist pro fiif. F^YY is known to InLeract through a 
number of receptor subtypes. The following receptor 
analogs were added lo the basolateral membrane to 
determine tln^ rt^cepr.or subtype responsible for the 
inhibition by PYY of chloride secretion: pancreatic 
polypeptide/ [Leu-**.Pro-*'lNPY, and PYY-(3-36), A 10 
nM dose was chosen because this concentration is 
-100-fold greater than the \Cso value for the observed 
inhibition of atid cAMP riccumulation. PYY-(3-36) is 
a Y2-receptor agonist with an IC50 for the Yj and Y2 
receptor of 8 10 nM (18) and 0.06 nM. respectively. 
[Leu-^'.Pro^MNPYisa Y, agonist with ICf,[, values for the 
Y, and Y. receptor of 0.8 and 140 nM. respectively (4. 
16). Pancreatic polypeptide is a Y4 agonist with an IC^o 
value that exceeds 100 nM and 1,000 nM for the Yi and 
Ya receptors, respectively (24). Given the IC50 values for 
the Y,. Y2, and Y^ agonists, the 10 nM dose of peptide is 
appropriate for determining the rece|jlur subtype when 
using these three ligands in combination. At the 10 nM 
dose. PYY-(3-36) was the only analog that caused a 
change in 4c'- ^^^Y (3 -36) was found to be ecjuipotent to 
PYY in inhibiting 4; at 0. 1 nM ( 11 . 1 ± 2.1% PYY vs. 
14.5 ± 3% PYY-{3-36), n - 7h 1 nM [39.0 ± 2.1% PYY 
vs. 44.0 ± 2.6%. PYY-(3-36). n = 41. and 100 nM 
[52.3 ± 1.3% PYY vs. 46.2 ± 5.8% PYY-(3-36). n = 31- 

Rolc of PYY in cAAIP-dcpendent c/iJorJde secretion. 
Previous studies have shown that the cell-permeable 
cAMP analog 8-CPT-cAMP stimulates chloride secre- 
tion in mIMCD-k2 cells. The effect of PYY on 8-CPT- 
cAMP-stimulated chloride secretion was tested by the 
addition of 100 pM 8-CPT-cAMP to the apical reservoir, 
which stimulated chloride secretion: PYY (10 nM) was 
then added to tlie baitolatetal membrane. PYY did not 
attenuate 8-CPT-cAMP-stimulatcd chloride secretion 
(5.97 ± 0.34 pA/cm^ pre-PYY vs. 5.97 ± 0.32 pA/cm^ 
post-PYY. n ^ 4). The effect of PYY on forskolin- 
stimulated chloride secretion was also tested. Chloride 
CLirrent was stimulated by the addition of 1 forsko- 
lin lo the apical membrane followed by addition of PYY 
(10 nM) to the basolateral membrane. Inhibition by 
PYY of forskolin-stimulated chloride secretion (50.2 ± 
3.2% inhibition 4?) was similar to its degree of inhibi- 
tion of AVP stimulated chloride secretion (42.7 4.1% 
inhibition f^^. 

To test that PYY modulates cellular cAMP levels that 
may bo mechanistically associated with its inhibition of 
cAMP-stimulated chloride secretion, cell monolayers 
were exposed to PYY (10"^- lO"'^ M) for 4 min in the 



pre.sence of IBMX (0.5 mM) prior to the addition of AVP 
(10 nM). Figure 3 shows the dose response for PYY 
inhibition of AVP-stimulated cAMP accumulation ex- 
pressed as percent maximal cAMP accumulation. Maxi 
mal cAMP accumulation was the difference between 
AVP-treated cells (33 ± 1 .5 pmol/mg protein) and basal 
cAMP levels (2.1 ± 0.23 pmol/mg protein). Addition of 
0. 1 nM PYY caused a significant \P< 0.01) reduction in 
cAMP levels, with maximal PYY (100 nM) causing 38 ± 
6% inhibition of cAMP levels with an IC50 value of 0.16 
nM. 

PTX sensitivity, AVP is postulated lo stimulate 4' by 
increasing intracellular cAMP through stimulation 
of adenylate cyclase. In other cell systems. PYY is 
known to decrease cAMP levels by Gj- mediated inhibi- 
tion of adenylate cyclase. Gi inhibition is known to be 
sensitive to PTX. We therefore tested the effect of PTX 
on the attenuation by PYY of chloride current. 
mIMCD-k2 cells were incubated overnight in medium 
containing 100 ng/ml PTX. PTX incubation did not 
alter the ability of AVP to stimulate chloride current 
[2.32 ± 0.30 pA/cm2 for AVP + PTX (/? = 8) vs. 2.38 ± 
0-26 pA/cm^ for AVP alone [n = 6)]. Figure 4 shows the 
effect of PTX pretrentment on the attenuation by PYY 
of AVP-stlmulated 4*. In the absence of PTX. PYY (100 
nM) attenuated chloride current by 49.3 ± 1 .6%. In the 
presence of PTX. PYY had no effect on chloride current 
(0.5 2:0.12%. 100 nM PYY + PTX. P< 0.05). 

DISCUSSION 

Previous characterization of njIMCD-k2 cells has 
shown that AVP-stimulated chloride secretion is due to 
increased cellular cAMP levels leading to activation of 
the cystic fibrosis transmembrane conductance regula- 
tor (CFTR) chloride channel (20, 21, 39). Here, we show 
that 100 nM PYY maximally inhibits AVP-stimulated 
chloride secretion by mIMCD-k2 cells by up to 52% 
(ICr,o = 0.1 nM). PYY does not affect basal or alter 4 
in chloride-free conditions, indicating no effect on ac- 
tive sodium transport. The cell-permeable analog of 
cAMP, 8-CF*T-cAMP, has also been shown to stimulate 
chloride secretion in mIMCD-k2 cells. Here, we show 
that PYY does not alter 8-CFT-cAMP-stimulated chlo- 
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Pig. 3. Inhibition of AVP stimulated (10 nM) cAMP gnnpration by 
PYY as a fon<:Uon of PYY concentration. Values are expressed as 
pcrcum cellular maximum cAMP, with 100% bcin^ Uu? diflL-ronco 
between control (nnn.stimulaicd) arvd AVP sifrnutaied x'alues. Points 
are the average or3 experiments ^ SE, All nrx»mhranp.s won? from rhn 
same seeding. Addition of 0.1 nM PYY caused a significant (P< 0.05) 
rpdiicTinn incAMP levels. ICsc = O.lSnM. 
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Pertussis Toxin 

I'ig. A. Efleci of prcincu bating mTMCD-k2 rnotiolaycrs (--18 li) in 
rm:tliuni ttJiiLaiiUriy piTtui>Sis loxin (lOt) ng/ml). Thr; ability of PYY to 
attenuiUv AVP-siimulatcd chloride current was significiintly roduccd 
{A\}:S - 1 .t>4%. 100 iiM PYY. vs. 0.5 i 0. 1 Z%, 100 nM PYY + pertussis 
toxin. * P< 0.05. n~ 5). Pcinussib loxin did not affect AVP-stinaila ted 
chloride M'croilon. 



ride secreclon but does inhibit foiskolin-stiinulated 
chloride secretion. These results are consistent with 
PYY acting at the level of adenylate cyclase to modulate 
cellular levels of cAMP. 

When the effect of PYY on AVP-stimulated cAMP 
generation was tested, we found that PYY inhibits 
cAMP generation in a dose-dependent manner, with an 
IC^o of 0.16 nM. approximately equal to the 0.11 nM 
value for inhibition of chloride current. Mnximnl inhibi- 
tory doses of PYY (100 nM) caused a 38% inhibition of 
AVP -stimulated cAMP generation comparable with the 
inhibition by PYY of ij;'. The inhibition by PYY of 4^ 
was abolished by preincubation with PTX. consistent 
with PYY acting through d or Gn to inhibit adenylate 
cyclase. This is .similar to the inhibition by PYY of 
chloride secretion in the gut (3. 10) and to the antago- 
nism by NPY of AVP actions in rat cortical collecting 
tubules where NPY reduces AVP-stimulated hydraulic 
conductivity (11). 

In the present study, we show that the attenuation by 
PYY of chloride secretion is mediated by the Y2 receptor 
subtype that recognizes COOH-terminal fragments of 
PYY The Y^ receptor is the same subtype that is 
responsible for activation of the Na'-^K'^-ATPase activ- 
ity in the renal proximal tubule of the rat (28, 29). Y2 
receptors (IC.so = 0.15 nM. PYY) have also been demon- 
strated in rabbit proximal tubule (34). We show that 
PYY attenuates chloride secretion with an IC51) of 0. 1 
nM. This value is within the range for plasma PYY 
levels, which rise postprandially to 0.4, 0.2, and 0.05 
nM in dogs. rats, and humans respectively (1.5. 15). In 
humans, the COOH-terminal fragment PYY- (3-36) ac- 
counts for 37% of PYY-likc immunoreactivity in the 
fasting state and 63% in the postprandial state (17). 
Thus the postprandial increase in PYY levels contain 
significant amounts of peptide, which would specifi- 
cally activate Y2 receptors and potentially regulate 
renal tubular function specifically. 



The physiological significance ofchloride secretion by 
cells of the distal collecting duct, as modeled by 
mIMCD-k2 cells, is not well established. Eiectrogenic 
chloride secretion has been proposed as mechanism for 
NaCI secretion by the IMCD (20. 33). Chloride secre- 
tion is a mechanism for NaCl secretion by the shark 
rectal gland (19). which shares a number of features 
with miMCD-kZ cells including cAMP-dependent chlo- 
ride secretion via apical CFTRs, basolaterally located 
Na"-K*-ATPascs. and basolaterally located Na-K-2CI 
cotransporters (32. 39). Although the IMCD is normally 
associated with net reabsorption of NaCl. the ability of 
the IMCD to secrete sodium has been shown in mi- 
croperfused IMCD tubules (33). Atrial natriuretic fac- 
tor increased the electronegative lumen potential, and 
this increase in electronegativity was associated with 
increased bath-to-lumen chloride flux and NaCl secre- 
tion (33). AVP stimulates 7^,Mn mIMCD-k2 monolayers, 
indicating active Cl~ secretion: the effect on lumen 
negativity or CI" flux has not been studied, nor has the 
effect on net NaCl transport been studied. In colonic 
mucosa, inhibition of chloride secretion, by PYY under 
short-circuit conditions has been shown to increase net 
Na and Cl absorption without altering active sodium 
transport (27). It should be noted that in A6 cells, a 
Xcnopus kidney cell line, vasotocin (the amphibian 
analog to AVP) has been shown to increase chloride 
current under short-circuit conditions (40). However, 
under open-circuit conditions, vasotocin treatment leads 
to a net uptake of NaCl. In AG cells, AVP also causes a 
delayed increase in amiloride-sensitive current, and 
the increase in chloride secretion is thought to favor 
Na^ uptake via the activated amiloride-sensitive Na"" 
channels. In mIMCD-k2 cells» we do not see an increase 
in amiloride-sensitive current, even after 20 min of AVP 
treatment, nor do we sec any increase in under 
chloride-free conditions. Thus, in mIMCD-k2 cells. AVP 
does not increase active transport of .sodium necessary 
for the net increase in NaCl uptake. Although we 
cannot rule out chloride secretion leading to net NaCl 
reabsorption. the mechaiiisui that mediates this in AG 
cells does not appear to be active in mIMCD-k2 cells. 

Because the collecting duct is the terminal segment 
of the nephron, increased chloride secretion in this 
segment would result in increased excretion of NaCl 
(20, 33); i.e.. it would be natriuretic. We have shown 
that PYY inhibits chloride secretion and thus would 
tend to be antinatriuretic, consistent with its proposed 
action in the proximal tubule (2) also mediated through 
the receptor subtype. This proposed mechanism 
whereby the inhibition by PYY of active chloride secre- 
tion leads to net NaCl absorption has been shown in the 
gut (27). However, the physiological significance of the 
actions of PYY on renal function is unclear. A number of 
in vivo PYY and NPY infusion studies have shown both 
anti natriuretic action in monkeys (12), as well as 
natriuretic effects in humans (31). Other studies have 
shown thciL PYY can be antinatriuretic when infused at 

doses that mimic physiological levels, but when infused 
at higher levels. PYY tended to be natriuretic (7). This 
report and other work (2. 28) suggest that at the 
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tiiljuinr level PYY might exert anrinairiuretic effects. 
The dispropiirtioiuite rise in Yg fir. rive PYY fragments 
seen postpmndially may represent ei mechanism to 
(iirfercnrlally regulate renal tubular activity without 
ctffecting renal vasculature. 
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